Introduction
Poverty is common in the drylands (arid and semi-arid regions) of underdeveloped and developing countries, particularly as a result of ecological, political, and socioeconomic conditions. Their inhabitants suffer from droughts and erosion, torrential rains of short duration that flood crops and increase the incidence of pests, along with food insecurity and the effects of degradation due to overexploitation of communal resources [1, 2] . The farm products tend to be generic, and are sold as raw materials or commodities, without industrial processing [3] . In this context, small farmers are unable to benefit from economies of scale, and they have little access to markets and little bargaining power, while their input costs are high, due to a lack of information and access to credit [4] .
Diversification is a strategy associated with achieving livelihood security under deteriorating conditions; therefore, livelihood diversification is related to rural poverty, household coping strategies, rural non-farm activity, and rural-urban migration [5] . Diversification in the drylands is common and depends on multiple factors. Previous studies have shown that dryland inhabitants supplement their A total of 1044 face-to-face interviews were conducted. Farmers were randomly selected from the farmer registry of the Ministry of Agriculture of the State of San Luis Potosí, and a stratified random sampling with 95% confidence and 5% error was used in order to select the number of farmers in each of the communities for all the municipalities reported by the National Institute of Geography and Statistics (INEGI).
Variables
Based on previous studies on production system typologies [16] [17] [18] [19] , each farmer was asked about the basic characteristics of the production unit (surface area, type of crop or crops, species and size of herd, off-farm income, number of customers, number of suppliers, agricultural strategy, and livestock development strategy: Table 1 ), as well as socioeconomic variables (gender, age, number of years as a farmer, and level of education: Table 2 ). The variables used in the multivariate analysis are presented in Table 1 . A total of 1044 face-to-face interviews were conducted. Farmers were randomly selected from the farmer registry of the Ministry of Agriculture of the State of San Luis Potosí, and a stratified random sampling with 95% confidence and 5% error was used in order to select the number of farmers in each of the communities for all the municipalities reported by the National Institute of Geography and Statistics (INEGI).
Based on previous studies on production system typologies [16] [17] [18] [19] , each farmer was asked about the basic characteristics of the production unit (surface area, type of crop or crops, species and size of herd, off-farm income, number of customers, number of suppliers, agricultural strategy, and livestock development strategy: Table 1 ), as well as socioeconomic variables (gender, age, number of years as a farmer, and level of education: Table 2 ). The variables used in the multivariate analysis are presented in Table 1 . There were four possibilities for the agricultural strategy: 0) No agricultural production; 1) monoculture production (a single crop grown on more than 75% of the surface area, such as beans (Phaseolus vulgaris), corn (Zea mays), or another crop such as garlic (Allium sativum), alfalfa (Medicago sativa), oats (Avena sativa), onion (Allium cepa), or chili pepper (Capsicum annuum)); 2) a mix of corn and beans; and 3) a polyculture (more than three mixed crops). The livestock development strategies were as follows: 0) No livestock; 1) cattle; 2) sheep; 3) other species (goats, pigs, or poultry); 4) mixed; and 5) backyard livestock (fewer than 10 heads of different species).
Social capital was measured by asking farmers to give the names of the three farmers with whom they interacted most in their community [20] , along with three customers and three suppliers [21] ; not all of the farmers were able to name three contacts [22, 23] ; therefore a proxy variable for social capital was created using the number of names referenced by each respondent. The values of the variable were as follows: 0 = Did not reference anyone, 1 = 1 reference, up to three as a maximum. Therefore, the focus was on the number of contacts and not on the names of the contacts or the quality of the farmers' relationships with them [23] .
Another part of the survey was related to agri-food chain data. Farmers were asked about the point of sale of their main product and the market to which their production was destined (Table 3) . These variables were used in order establish the actors' degree of market orientation. 
Statistical Analysis
There is no single methodology for creating production system typologies; generally, many variables are considered in order to properly understand a region and multivariate statistical analysis, especially cluster analysis, has been considered as a good method [13, 17, 24] . Therefore, this approach was followed. A multivariate method was used in order to more efficiently analyze the large number of variables used [17, 25, 26] . The analysis performed was a cluster analysis based on Ward's minimum variance method [27] . This method joins clusters whose inertia, or the sum of the principal diagonal of the covariance matrix, is minimal [28] ; this method has been shown to be more efficient since the procedure tends to form spherical or compact clusters [29] . The analysis was performed using the CLUSTER procedure [30] ; SAS ® software, version 9.4. The optimal number of clusters was chosen based on the R 2 goodness-of-fit criterion of 0.8. R 2 is defined as the between cluster deviance divided by the total deviance, maximizing the R 2 implies the maximization of the between-cluster variability, or, equivalently the minimization of within cluster variability, it has been used to determine the number of groups in the data [31] . In order to characterize and compare the identified clusters, the average and standard deviation were calculated for each of them.
To validate the number of clusters obtained, the technique of significance testing for the chosen variables was used for creating the clusters [25] ; to this end ANOVA tests (for continuous variables) and chi-square (X 2 ) tests (for categorical variables) were performed. Means and standard deviations of the continuous variables and the frequencies of the categorical variables were calculated. The statistical package used was SPSS ® software version 20.
Results

Diversification of the Production Systems in the Drylands
Following Ward's minimum variance criterion [29] , the optimal number of clusters identified for production systems in the highlands of San Luis Potosí was nine. Clusters were clearly independent, except for the number of customers referenced and the point of sale, and significant differences between clusters were observed using ANOVA or a test of the expected distribution of the data (X 2 ; Table 1,  Table 2, and Table 3 ). Therefore, variables are discriminatory and allow for proper differentiation of the production systems and this validates the number of clusters obtained [25] .
The number of production units per cluster ranged from 6 to 244. Four clusters had fewer than 65 farmers, characterized as intensive production systems, either in agricultural area or in the size of the herd, and they were considered commercial production systems (cluster 6, cluster 8, and cluster 9). Two clusters presented the highest level of off-farm income (cluster 2 and cluster 3), and these were considered off-farm income production systems. The rest of the clusters (cluster 1, cluster 4, cluster 5, and cluster 7) behaved similarly in terms of agricultural area and a low off-farm income ( Figure 2 ). A multivariate method was used in order to more efficiently analyze the large number of variables used [17, 25, 26] . The analysis performed was a cluster analysis based on Ward's minimum variance method [27] . This method joins clusters whose inertia, or the sum of the principal diagonal of the covariance matrix, is minimal [28] ; this method has been shown to be more efficient since the procedure tends to form spherical or compact clusters [29] . The analysis was performed using the CLUSTER procedure [30] ; SAS ® software, version 9.4. The optimal number of clusters was chosen based on the R 2 goodness-of-fit criterion of 0.8. R 2 is defined as the between cluster deviance divided by the total deviance, maximizing the R 2 implies the maximization of the between-cluster variability, or, equivalently the minimization of within cluster variability, it has been used to determine the number of groups in the data [31] . In order to characterize and compare the identified clusters, the average and standard deviation were calculated for each of them.
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Subsistence Systems
The subsistence systems had the largest number of production units (61% of the total units), so this was the typical production system in the studied region. These are production units with mixed production of corn and beans, of fewer than 15 hectares, without livestock or with backyard livestock only, and with moderate off-farm income or none at all. Combining crops is a common 
The subsistence systems had the largest number of production units (61% of the total units), so this was the typical production system in the studied region. These are production units with mixed production of corn and beans, of fewer than 15 hectares, without livestock or with backyard livestock only, and with moderate off-farm income or none at all. Combining crops is a common activity in dryland production units because of the high risk attributable to drought conditions [32] . Backyard livestock production is also a common activity in various dry regions of Mexico, usually with goats and cows that are kept as a financial cushion [33] .
Cluster one was characterized by backyard livestock with mixed production of corn and beans. This group had the second-highest number of production units. The average number of hectares was lower than that of the other groups, and off-farm income was low. Cluster four had the highest number of production units; half of them mix corn and beans, one-third have monoculture, and the rest plant a mixture of several crops; 60% had no livestock and the rest mainly had large herds of cattle and minor species (goats, pigs, and poultry). One-fourth of their income is from off-farm sources. In cluster five, off-farm income was almost non-existent, with mixed corn and beans and predominantly small herds of cattle. Cluster seven, was composed of farmers who had herds of cattle, and the mean surface area of the production units was slightly lower than the regional mean. This is the only group characterized by the mixing of several crops in the production unit.
Commercial Systems
The commercial system is characterized by livestock farmers who produce cattle or mixed herds of goats, pigs, and poultry, or by agricultural producers with a larger agricultural area than the regional mean, or by a combination of both strategies. In order to confirm the commercial nature of this category, it can be seen that these clusters (cluster 6, cluster 8, and cluster 9) reported more suppliers than the regional mean and more customers than the groups included in the subsistence category, which is consistent with previous studies in which entrepreneurial producers are oriented towards commercial systems [34] . Nine percent of the production units in this study belong to this category. Previous publications have shown that this type of large-scale agriculture occurs in dry regions, especially in those that are close to highly-populated areas; however, their yields are still lower than those of other non-dryland regions and their strategy is the expansion and not the intensification of production [35] .
In particular, cluster six was characterized by farms with three times more agricultural area than the regional mean, with mixed corn and beans. These farmers had mixed herds, and the level of off-farm income was low. Cluster eight was composed of livestock farmers. Their herds were mixed, and they had little agricultural area, which is usually planted with a mixture of corn and beans. Off-farm income was low. Finally, cluster nine comprises the smallest number of production units. These were livestock farmers, mainly cattle with a large number of heads; their agricultural area, which is double that of the regional average, is dedicated to corn and beans and is occasionally used to feed the livestock. Off-farm income was low.
Off-farm Income Systems
The off-farm income system receives money via remittances from migrant relatives or employment in activities outside the community such as working as a day laborer or hired hand, or in another related activity. Our results show that 30% of the surveyed population belonged to this system. These farmers showed similar characteristics to those of the subsistence farmers in terms of agricultural area and herd size. Two clusters were identified. Farmers in cluster two depended on a significant amount of off-farm income. Their farming system mixes corn and beans and has backyard livestock. The farmers belonging to cluster three showed significant off-farm income and depended on agriculture with an agricultural area lower than the regional mean along with backyard livestock.
Socioeconomic Characteristics of the Farmers by Production System
In the socioeconomic variables, significant differences were observed among groups, and the differences can be explained by comparing cluster one (elderly adults, whose age is proportional to the number of years of experience as a farmer, meaning that they have been farmers most of their lives, and also proportional to the percentage of them who had no schooling (60%)) with cluster four, also considered subsistence farmers, with an average age of 50 and a primary (62%) and secondary (18%)
level of education. This might be presented as a second generation of farmers, who, despite having improved their educational levels, did not create any changes at their farms, reinforcing the idea that "the poor stay poor" [36] , and that schooling is not sufficient to produce changes in the production systems adopted by rural inhabitants. Furthermore, in cluster nine (commercial system), the majority of the farmers had only a primary school education; thus, entrepreneurship in the drylands can be explained by characteristics other than the individuals' level of education.
As for gender, only cluster two showed significant differences; where 18.6% of the respondents were women. This cluster belongs to the off-farm income production system, so its income comes from the husbands or children who migrated and support them, leaving the women in charge of the farm but their main source of income does not depend on agricultural activities. Traditionally, in rural Mexico, women do not work in agricultural activities, but in this case, and because of migration, they have no other choice.
Market Orientation
The commercial decisions used as variables to compare farmers in the different production systems were point of sale and market orientation (Table 3 ). There was no significant statistical difference for point of sale. Most of the farmers sold the farm products at the municipal seat (around 50%) and the second most common strategy was a combination of places, selling their production at the farm gates, the municipality, or other ( Figure 3 ).
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Social Capital
A single region can have similar natural conditions throughout its area such as climate and soil, but there can be intra-regional differences in factors such as human and social capital [18] . In the previous section, an emphasis on the relationship between social capital (e.g., number of relationships, type of contact) and the market was made; e.g., where a better-connected actor (farmer) who has more relationships with customers and suppliers obtains advantages in comparing and accessing different markets. In this study, the definition of social capital is the number of names provided by the respondent in terms of other farmers, customers, and suppliers, under the premise that a larger number of references implies more social capital ( Figure 5 ). The respondents were asked to reference other farmers whom they knew, who were engaged in the same activity within their communities, as a proxy variable for social capital. Ninety three percent of the farmers gave at least one reference, 74% gave a second reference, and only 45% gave a third reference. As shown in Table 1 , there were significant differences between the clusters, Subsistence (1) Off-farm income (2) Off-farm income (3) Subsistence (4) Subsistence (5) Commercial (6) Subsistence (7) Commercial (8) Commercial (9) Mixed Municipality Farmer's gate
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The respondents were asked to reference other farmers whom they knew, who were engaged in the same activity within their communities, as a proxy variable for social capital. Ninety three percent of the farmers gave at least one reference, 74% gave a second reference, and only 45% gave a third reference. As shown in Table 1 , there were significant differences between the clusters, especially due to the low number of references given by the elderly subsistence farmers (cluster 1) compared to the commercial farmers (cluster 9).
Of the total number of farmers surveyed, 215 reported not having any customers (21%), 40% reported having one customer, 12% reported two customers, two farmers reported that they had four clients, one farmer reported five customers, and one farmer reported ten customers. With regard to customer references, of those farmers who reported that they did have customers, 270 did not reference anyone (33%) and 14 could not provide one name (2%); thus, 209 customer names were given. There are two explanations for the large number of customers referenced locally: That nicknames create duplication, and that there are several local intermediaries, which is common for rural areas [37] . On average, the respondents gave the name of one customer and among clusters there were no statistical differences for the number of customers referenced.
As for the suppliers, 74% of the total farmers reported not having suppliers (768 of the 1044 surveyed), 212 reported one supplier, 56 reported two suppliers, and three farmers reported that they had three suppliers. As with the customer references, there were 84 names that were reported only once, suggesting duplication due to nicknames. The supplier most commonly referenced were veterinarians, hardware stores, and livestock breeding and forage cultivation facilities in nearby towns. There were significant differences in the number of referenced suppliers, but this can be explained by the fact that the commercial farmers (cluster 9) named more suppliers than the rest of the clusters.
Discussion
Drylands, especially in underdeveloped and developing countries, have been characterized as marginalized areas with high levels of poverty [38] , where various farming strategies are used [39] . Based on the analysis of the data, nine production systems in the region were identified, which were grouped as follows: Subsistence, commercial, and off-farm income systems. Findings were consistent with previous studies that indicate the presence of these three types of production systems in other regions of the world, e.g., in India, they found that 70% of the farms in dryland farming systems were small and extensive and 20% were irrigation based and intensive, the rest were off-farm based and irrigation based semi-intensive [18] . It can be observed that in both cases, Indian and Mexican drylands households' livelihood strategies can be classified as: Extensive, intensive, and off-farm based. Other studies have also pointed out the heterogeneity of households in rural areas [40] . In the case of the north central Mexican drylands agricultural-led would be the most common livelihood capital strategy, where agricultural income accounts for the largest proportion of total household income and this is complimented by government subsidies.
A notable difference in the findings of this study is that farmers in the northern north central Mexican drylands had larger agricultural areas (15.10 ha) compared to those reported for other drylands, e.g., India (2.7 ha) [18] , and the difference is even greater compared to other regions of Mexico (2.5 ha) [2, 33] . Migration can explain the phenomena; in this region only one son or daughter remains in the community and he or she inherits the land; therefore, farmers do not divide the land among all of their children as in other regions, which normally leads to land-holdings fragmentation [41] .
Regarding the production systems, a previous study classified 48.8% of the farms in a dry region of India as small and extensive [18] versus 60.8% of farms classified as subsistence in the present study. This difference can be attributed to labor migration, as the inhabitants of the present particular region have a long tradition of migration to the United States dating from 1882 [41] . Production systems that depended on off-farm income have been documented previously; the results of this study indicate a general average of 20% off-farm income versus 35.7% [18] and 48% [42] in India and levels between 40% and 96% in Africa [16] . For clusters 2 and 3, off-farm income values were 81% and 34%, respectively, while the rest of the clusters had values close to zero, far below the trends in other dry regions of the world [16, 18] . This is consistent with the fact that the child who remains must live off his or her farm, and it is mainly women who depend on remittances. The farmers who do not migrate normally participate in various federal government programs, this allows farmers to survive [2, 43] . Therefore, most of the farmers in the studied drylands tend to specialize in on-farm income-generating strategies, the same phenomena have been reported in some African countries where income is agriculture-based [44] . In some cases, tourism has gradually come to play an important role in the livelihood activities of households [14] , in the north Mexican drylands studied, tourism was not present, therefore the off-farm income options is reduced to remittances. Even more, in central Texas, USA, 39% of farmers own land exclusively for lifestyle reasons [45] , this was not the case for the present study where farmers' income depends on the agriculture or diversification strategies.
In the case of gender, previous studies in Nepal have found that women in rural areas were attracted to market-oriented commercial farming and rural enterprises [46] , this was not the case for the women in the north Mexican drylands as they mainly manage the farm in the absence of men. Furthermore, subsistence production systems tend to perpetuate themselves due to problems such as limited financial resources [47] and social factors. Two different clusters of the subsistence production systems were composed of two generations of farmers following the same subsistence production system; this is common in rural areas [16] and has been explained by the social structure [39] in which the generational repetition of patterns confirms the identity of network members and their ability to cooperate with one another [48] ; in other words, since there is a social incentive to repeat patterns, individuals who are similar are better accepted.
Regarding the point of sale, the dispersion, geographical distance of the dryland farms, the lack of public transportation, and limited road access [33] make municipal seats the places where most commercial exchanges take place. Therefore, they become poles of local development [49] . The findings of this study are consistent with previous studies reporting that the heterogeneity of households in rural areas of Mexico farmers tend to travel to the municipal seat on market days to sell their products [50, 51] ; once there, they take the opportunity to purchase supplies, clothing, food, or use services that they require, e.g., banking. On the contrary, commercial farmers sell at the farm gate, as they produce higher volumes; therefore, they have more bargaining power, and achieve economies of scale and cost reduction in transportation of their goods.
Farmers in dry regions are therefore facing imperfect markets [32] . Climatic conditions make it difficult to predict yields and the final quality of the agricultural products that they produce. In addition, the products are mostly commodities, and there is not a wide dispersion of production, which complicates the signing of contracts with customers [52] . Finally, it should be noted that leaving the farm in search of markets requires resources and a broad knowledge of the market, or having contacts who are knowledgeable about markets [9] , which places emphasis on the relationships that these farmers have [11] . The personal characteristics of the farmers should also be considered [13] ; for example, previous authors have found three types of producers: Good, mad, and lazy, with different characteristics and activities at the production unit [53] . In a study of farmers in South African Kalahari, authors found that situational factors such as financial resources, farm infrastructure, farm size, and land tenure challenged or constrained farmers' land management practices [47] . A combination of all of the factors discussed previously explains why the farmers destine their products to the domestic market and local customers.
With regard to social capital, the results show that the level of social capital through the agri-food chain is low; neither suppliers or customers play an important role; therefore, innovation diffusion becomes difficult [50] , thus limiting the transition to commercial production units. What is more, elderly farmers gave fewer names and they mainly referenced their children, which leads to weak ties that do not allow for an increase in social capital [12] . In contrast, the commercial farmers seem to be more active in their networks, using them as a strategy to obtain economic advantages. The present findings are in line with previous studies showing that social capital and human capital can explain differences in the trajectory of a production unit, in terms of growth or lack of growth [54] .
Conclusions
Despite the relevance of Mexico's drylands, there are few studies regarding the typology of production systems present there. The research objective was to create a typology of production systems present in the Mexican north central drylands, usng variables related to production, socioeconomics, and social capital. The first challenge was to answer the following question: Which variables should be used in order to characterize and differentiate the production units in a region? The second challenge was to develop a clearer understanding of these rural farmers using the production system approach based on livelihood diversification literature.
In response to the first challenge, and unlike other studies, the number of variables that were used in order to characterize the production systems was quite low; this was due to an interest in creating theoretically-based instruments that were more appropriate for the fieldwork in elderly populations or populations with limited time for responding to a survey. This study showed that an appropriate selection of variables analyzed by a multivariate method allows for proper classification of production systems.
As for the second challenge, the production system approach based on livelihood diversification literature as a theoretical framework was most appropriate for the characterization of the drylands, since it allowed us to group the farmers generally, into subsistence, commercial, and off-farm income production systems. At the same time, the method allowed us to observe differences within these systems that explain phenomena such as generational gaps and other variations due to gender, market orientation, and social capital.
The implications of the research are related to public policy. The diversification of the dryland production systems observed in this study allows for a good understanding of why generic public policies have failed to mitigate poverty in these regions. Unfortunately, a policy that seeks to intensify production (improved seeds or livestock) has no future, because of the local agroclimatic conditions; a better alternative is to expand production, which is also difficult due to the lack of resources needed in order to increase the size of the production units, leaving the subsistence farmers with little growth potential. This leaves us with the task of reassessing agricultural policies for the drylands. Concerning the limitations of the study, the variable irrigation was not included in this study but it should be considered in order to properly classify dryland production units since it increases the intensity of production systems [18] ; normally it is disregarded due to the nature of the region, but some farms do report irrigation infrastructure. 
